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Introduction

This manual is produced in response to a growing number of requests for a
technical aid to explain methods for simulating cooling pond performance.
As such, it is a compilation of reports, charts and graphs developed
through the years for use in analyzing situations.

Section II: Contains a report summarizing the factors affecting cooling
pond performance and lists statistical parameters used in developing
performance simulations.

Section III: Contains the graphs of simulated cooling pond performance
on an hourly basis for various combinations of criteria (wind, solar, depth,
air temperature and humidity) developed from the report in Section II.

Section IV: Contains correspondence describing how to develop further
data from the graphs in Section III, as well as mathematical models for the
system of performance calculation.

Section V: Contains the formulas used to simulate cooling pond
performances in a cascade arrangement, such as the Fermilab Main Ring
ponds.

Section VI: Contains the calculations currently in use to evaluate the
Main Ring pond performance based on current flows and Watts loadings.

Section VII: Contains the overall site drawing of the Main Ring cooling
ponds with thermal analysis and physical data.




II

Cooling Pond Performance

Report



September 12, 1985

____J’ h .
- Fermilab

Memo to: M. Palmer

e

-~

From: S. Krstulovichjﬂéﬁ:,Eﬂnstruction Engineering

-

Subject: Cooling Pond Performance

Enclosed are copies of all of the calculated cooling pond
performance curves displayed at the Main Ring Pond Meeting
held on Tuesday, September 10, plus two (2} new series of
curves (the E and F Series) defining pond stability during
various semi-daily wind changes, Due to the very brief time
allowed for calculating the thousands of points necessary,
the curves are a little rough but certainly more than
adeguate for this type of evaluation,

To summarize pond performance in terms of depth, it seems in
general that thermal stability begins to occur only at
depths of 3 and greater and that the benefits of increasing
pond depth begins to diminish rapidly beyond the 4°~6*
depth. The basic shape of the thermal performance curves is
£9 determined by environmental factors, while uniform loading
-~ of watts per square foot only elevates the ‘basic curve,
Note that pond temperatures plotted are the logarithmic mean
and can be extrapolated for any desired At. Increasing pond
depth does not dc much for reducing the average daily pond
temperature for any condition, but rather serves only to
minimize cycling extremes, ‘

The major factors affecting pond performance (outside of

watts per square foot loading) are listed here in descending
order of importance,

1. Wind Velocity: This affects pond cooling more than
any other single factor. The A thru C Series of
curves are calculated for a reasonable daily
average wind of 5 mph. The D Series curves
represents the extreme case of absoclutely no wind
for an entire day (a very unlikely possibility due
to uneven sclar surface heating) and should be
viewed as a limit rather than a true condition
because of the importance laid on thermal stability
{due to magnet piping failure at stress
intensification points). In view of the real
possibility of daily wind velocity cycling, it was
deemed worthwhile to generate the new E and F

='} Series curves defining the two extremes of wind

: variation effects., The E Series curves depict the




n

rather common phenomenon of breezy days and still
nights. The curves illustrate that this tends to
enhance thermal stability (with the exception of
ponds in the 17°-6" depth range which tends to
overreact) but at the expense of creating slightly
higher average temperatures than during steady
daily breezes. The F Series curves depict the less
common phenomenon of absolutely still days and
breezy nights., The curves illustrate that this
also causes higher average daily pond temperatures
and 1is, by far, also the most thermally
destabilizing condition. The case depicted of 12
hours of steady wind followed by 12 hours of
absolute c¢alm 1is rather extreme and can be viewed
as a sort of limit for non-critical applications,
These c¢urves are also valuable in obtaining a
general feel for pond reaction times under the most
extreme conditions.

Atmospheric Solar Extinction: The reduction in
solar energy due to atmospheric phenomenon is next
in importance. However, since the curves represent
the worst condition of full sun effect and since
the capricious occurrence of sclar reduction will
only tend to make ponds cooler and generally more
thermally stable, it was not worth depicting.

Absolute Humidity (Dew Point): This phenomenon
ranks third in importance. It 1s generally a
rather stable condition on a daily basis (not to be
confused with wet=-bulb temperature) and provides
incremental leverage to pond surface cocling rates.
The A Series of curves 1illustrates a daily
variation in dew point, and the A thru C Series
curves depict different dew point levels,

Air Temperatures {Dry and Wet Bulb): These also
affect pond cooling. However, their importance 1is
not very great. The effects of changes in dry bulb
temperature 1is reduced by the difficulty in
transmitting heat down into the pond surface.
Although the wet bulb temperature theoretically
sets the adiabatic limits of evaporative cooling,
pond approach temperatures are not generally close
enough to be seriously affected.

pond Bottom Heating: Heating of the pond bottom to
temperatures above water levels is due to direct
absorption of solar energy at higher rates than can
be transmitted to the pond water through the bottom
film coefficient., . This phenomenon rapidly




decreases with pond depth and turbidity. Its
general effect in shallow ponds is to store heat
for gradual release at night. This keeps ponds
warm longer and helps to shave peaks in temperature
thus contributing somewhat to thermal stability.

6. Turbidity: This contributes to greater temperature
stratification in deeper ponds, but on the whole,
little affects general performance within normal
ranges.
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Cooling Pond Performance
Temperature Extrapolation Formula

and

Mathematical Models



Fermilab

January 8, 1986

JC
L. 2

Memo to: J. Satti, AD/Mechanical Support

From: S. Krstulovich, Construction Engineering Servic§;7i§fz:j

Subject: Cooling Pond Performance AT Extrapolation Formula

Per your request 1in evaluating upcoming pond work,
please find enclosed documentation pertaining tc the cooling
pond performance &T extrapclation formula in our
September 17, 1985, letter to Max Palmer (pages 1 and 2 of ?
attached). This formula is an extrapolation of the familiar
(LMTD) "Logarithmic-Mean Temperature Difference" formula
(page 3 of 7 attached) used in evaluating heat exchanger
performance which is, of course, what a cooling pond is.

Analyzing the model heat exchanger (page 4 of 7
attached), we derive equation 3 through logical expansion of
equation 1 (from equations 5.34, 5.35, and 5.36 on page 3 of
7 attached}), noting the thermodynamic 1limit that T12
approaches To2 as boundary area approaches infinity.

Referring to a typical "Cooling Pond Performance
Curves™ sheet {(page 5 of 7 attached), we note the following
equivalence in cooling pond terminology. The "0 Watts per
Square Foot" curve (ZWT) represents the thermal quality of
an equivalent infinite heat sink, whose To and To are
virtually equal and whose characteristic are a dgrived
composite of the solar, convective, radiative, and
evaporative effects on the pond. The "Design Logarithmic
Mean Temperature" (DLMT) is the resultant pond log mean
temperature corresponding to the design pond heat loading in
watts per square foot and is by definition the sum of the
ZWT plus the equilibrium LMTD at the design watts per square
foot loading. The numbers at the extreme right hand of the
"Cooling Pond Performance Curves" are the saturated vapor
pressure in inches of mercury corresponding to the
temperatures on the left hand of the curve sheet. These
were used in drawing up the original curves but are
irrelevant to this discussion. :

Analyzing the model pond (page 6 of 7 attached) we
derive equation 4 by definition of DLMT and correspondence
with equation 3 (on page 4 of 7 attached), noting the
thermedynamic limit that Ti (LWT) approaches 32ZIWT as
boundary area approaches infini%y.



Finally, by permutation (pages & and 7 of 7), we obtain
the "Cooling Pond Performance :T Extrapolation Formula®™ in
equations 11 and 12.

SK/am
Encl: As Noted

cc: C. Anderson
L. Even
A. Glowacki
F. Krzich
J. Morphey
W. W. Nestander
T. Pawlak



ATTACHMENT

) Paae lop 1
JE Fermilab - o
¢

September 17, 1985

Memo to: M., Palmer

From: S. Krstulovich, Construction Enginecring Scrvices omesem - o

Subject: <Cocling Pond Performance AT Extrapolation

The following example may be useful for approximating pond
entering and leaving water temperatures from the cooling pond
performance curves for any desired AT.

-
.
antilog ———£E~—~|\(&T)
- EWT=ZWT+ e DLMT-ZWT

'i; (antiloge[}ER%gEWTJ) -1
’ e LWT=EWT=~AT
WHERE : ' v
aT = Desired Pond Water Temperature Drop

EWT = Entering Pond Water Temperature

LWT = Leaving Pond Water Temperature
DLMT = Design Logarithmic Mean Temperature at Selecred Watts/SF
ZWT = Pond Temperature at Zero Watts/SF

EXAMPLE: Approximate Pond EWT and LWT for a 4'-g" Deep Pond
Lcaded at 20 Watts per Sgquare Foot at Noon with
Night Wind Variability Effect for a 25° AT

From Chart 3F: ZWT
DLWT

I

84
92



ATTACHMEANT
Paqe 20F T

—

(antiloge_92_84]
84+ 5T
(antl1099[92—3€]

110°F

EWT

It

EWT

[}

LWT

{110-25) = 8S°F

SK/am

Anderson

Even

Glowacki —
Krzich

Morphey

Nestander

FPawlak

0
0

HELUMrEen



ATTACHMENT
Pace R o 7

@ee) =y

$1 SUOLIPUAD 3teis-Apeays yapun ping 1aywa i asmesad
-Wway jo 2quwys ou 51 3jay u3ym 22ua3)p amieradway vesw £
‘s1adueyavs jeay uo deys gy u
w21 e swawafuere Mofssary pue ssed-ypnw o) (1| uo elep
IRuotnppy ¢-¢ amdy Juisn Ag papyduns aq uey suonenduro )y

5 " o1 Y
<
- = oe—— = — MIC =g =20 o 2
Ve s = e Ry Tt
09 09
L g L g
[T s g
TR $5 or
09— oF R 09— g — w
0% ox

=T U mopgsaunn ) pus ="1T Ag.ta_u_ ey g adwexy

apdiieya ue £ pajeny
SN IS 1 Mop) Jo sad4) om A 10) ie MQRPP Y| sweds
PI) oMy e 1o Moy agunos 1o MO PEed Jayns o] qraydde
S pL ¢ uonenbyy ey EL L4 LIUITRETIRY 3 T PUR Jaguing 1mesrd
M 3 pgnoys | jeuniag e PUNP 3 uonenduios jo asmy 104

(9v <) R ]
(5L ) f.:. P = yg

e pup iy 533U12))tp e sadwn |SUIN 3y | pasn g uny

" i
(bt ) (22)w
e v ="y
Uy -y
n-s NOISSINSNYH) J¥3n —¢ Uity

9 doe

Lapp ammraduay jessao UEI-DNwyy unI011u0 51 33um
~$1S20 215 se3 B waym se Jurisuos Aja3ie) st AN 200 ({1340 24y
M 3333 1p ampmaading) uean IPNBAL O Aressadau so i Krea
BUIRYIp v samesadiug AU ) 1O Y10q 10 U0 REIELETIFY

Ruas( ampeadwiag aatpagyy TLETTY

panty) q
FOI DM Puw sndes Fussuapyns MY 0y e 10 97 pue g i 110N pur g Ima 1) gong LY
Aasr03dsas waitvaeuas FPaT5a[ PUR 333) Ui ¢ bop sanjea Fuimagiog 1) pae 2oumpsicay TFI34 0237 B Poseqy

008 o008 pinby Buyiog I ------ * iodea Buisuapuoy
0z 14 Ttttrttseg .......aaiacazowceu
1¥ ] [24 e [11i] .ea.;a._,aequ:uu
PEEL 051 T TTTtumep | - soden Butsuapuey
QN N “n e -.Q—-._E——ﬂp—_—-ﬂm e e e LI R Hﬂw
H 1 . raeg [ el 5oy
1 z SN B B R "+ se
0z z e weg, | - e gay
00z 14 R pnby Buipog | ool "1
g1 z e geg ué
ezl 2 T g B e o
2t Y e g [ i
h@m MO— L N IR ﬂsﬁ—: u—hq—_aﬂ Ay e e ., ' uﬂ_ﬂ;
0z z e “oeeg | -
e 1z e g ..
0001 a0 RRRRRREERFEPP vl
[LEIL T mey g ey

wofasANeY |_ soluwyary ja adiy -

do-gli- 1Y 1ad mg u)
isBuryoxy 1¥8H JO $0dA; snopep 104
Wa1a1§e07) iejsuel) yeey flv18AQ jo sanjep porenoes LG equy

L€ 3198] w1 paysy) e s1adueyavs
1m3Y J0 53d4) sonuea sog W3131))303 {18120 241 o sanjea patrinoje )

(eee)

Y
T F
7

ANYAWOO ADHOI OTv44NR — DNIHIINIONT Ny




v

Cascade Cooling Ponds

Performance Formulas



CASCADE COOLING PONDS PERFORMANCE FORMULAS

ACTUAL POND LEAVING WATER TEMPERATURE (LWT]:

LWT=EWT- [ [Ewr-zwn‘] [1_ 1 ]a]

1+}ht

EWT = Actual Pond Entering Water Temperature
ZIWT = Maximum Daily ZWT from Criteria 3B

fht = Physical Heat Transfer Factor:

A x Qyg
AVG *
A = Actual Pond Surface Area

fhe =

AAVG = Average Pond Surface Area
Q = Actual Pond Through Flow
QAVG = Average Pond Through Flow

& = Thermal Heat Transfer Exponent Factor

« = Logy 1y [EWT’ZWT’“LT]

ALT = Pond Leaving Water Temp. Difference Thermal Factor

I i i)

o



FERMILAB | ®£cTioNn | PROJECT | BEmIAL ~CATEGCRY

# ENGINEERING NOTE | ATTACHHEST [4or T

suBJECT %"EF' kRS TuLcvze
Hear ExcHanger Mope L. 1-9.86

NOTE X As suerace BounDARY APPROACHES INFINITY
'T;J APPROACHES “Ta p

To Heat S To
2 1

/ i l \

e

ATZ | DURFACE BoUNDARY AT1
(i To) -— T,
I

(L.WT) Tiz l Heat Sourece LTH (EWT>

- ~ AT —
CEWT -LwT)
Loa Mean Temp. Dirrerence (LMTEO) = AT
. AT ATy - ATz
EQ.‘D ’ . = A'l'
( " lese ((RF—)

Keadd ., LMTD= (EWT-To)) = (LwT-T43)

\95 ( EWT - "To, >
€ LwT ---Tot

XY LMTps  SEWT-Tey) - CEWT-TO;_-AT>

Lo%e EWT - TOQ




VII
Main Ring Ponds

Thermal Analysis Drawing



§ = Thermal Cooling Derivative

5 Log, (EWTAVG - IWT)
E°ge (mm: - Z¥T)

AVERAGE POND ENTERING WATER TEMPERATURE (EWTAVG):

[a.ntilogt.[ AT ]] (AT)

[antiloge AT ” -1

DLMT = Daily Maximum DLMT from Criteria 3B

AT = Average Temperature Rise from Heat Loads Pond-to-Pond

GENERAL FORMULA FOR CALCULATION OF LOGARITHMS TO
THE BASE 1/2 FROM _COMMON LOGARITHMS (BASE 10)

Log10 X
Logl/2 X=

Logyq 1/2



VI
Main Ring Ponds Performance

Calculations



’ FERMILAB SECTION PROJECTY SERIAL-CATEGORY PAGE
-.u.-"' ENGINEERING NOTE ceireen 38 | V0
SUBJECT NAME
<. F KESTulLowviov
HA;M RH\JC\ POMOS - AveiAG‘iMCA PAE.AME.TEE“: DATE REVISION DATE
21 May 1988

AverAage Povo Ciecvrating Flow! (@ Avc,)
1000 GPM PRuMARY OW Flow — GIVEN

Aveerae Pornn TemperarTure Kise! (AT)
LW Sy sTerms = A en. x looo A x . 9°Frise = AL 09
Cevo compeessons= Sem x 1200 aprrx 1.5°F aise 10080
RF 4 COF SiTes =2 2 ea.x 2000 oPm xI0O.L°F ease = 40800
ToTa =8¢ .4’80
\BO,QBO/@q?ouos X 100 app primaRy Cw Flow) = 1.9 °F

1t

AveeasE Poro DourEACE Agen ! CA AuG\
1178, TBO ToTAL sF /24- sectors = 4 |16 SF
¥ Note:, Poroas 24 25 4206 complise ome =ecToR_

Avervacae Powo EWT & LT
(From CceiTeriA 3B C 20waTTs/SF ¢ ZWT = 84*'F. DLMTmax™ C\o'ﬁ
(artiloa D_é-“?'_.‘:v_“l'__]> (aT) _
EwT = ZwT + & -l = 945°F
(‘"“'hl"‘.’se [DLMT zw*r.-D 1

bwT= s -15ar= 87°F

Pormo AuepAGE 3 Derivative :

los e (BT~ ZWT)
loae (LW T - ZW T)

-

= = 2,140 14

Avcenge Pormo Hext Loao (warts /=se):
LW SyasTtem=s = [O. A meapswaTTS
Cevo Compeessors 10-2‘-'; MEGAWLT TS
REA COOF sitee=_ 6.0 MegAwsTTS

“TorAaw 26 .44 pwy

n

26,440,000 watvs /1,118,780 58 = 22.4 w/se (~20w/se)




FERMILAB

SECTION

PROQJECT

SERIAL-CATEGORY

PAGE

ENGINEERING NOTE  |Aug=4906sr[@ava® 1000 B h /2
Main Rivg Pops — Pixsicar ParameTers :Tf' KESTU"ORZLE;.:E STE
2\ Max 1988

A Gl fut

Fos Stomiond | S Toe | perun fne | (| Jersin, e
FACTBR-

FPeno Ne. 1 49%8C s¢ | 1000 aem Cw l.o|
e Ne. 2 42 7d o < | 1000 arm W .89
Ruwe No. 2 dzddo s | 1000 apm | vy 8B
Powo Ne. HF(@) 1L200 sF | 1000 ar | cw E
Fewo No. 4b) T200 s 200 arm | oW .15
Bue No. &) 227760 =¢ 100C aPM | oW A
Porwo No. & 42,0 <F 1000 arm | v t.o
Pono Ne. b 435740 ¢ 00O sem | C\W .89
Powo No. 7 428060 sk 2000 ap | e .20
Pore Ne. & @) 19800 s 2000 arm | CW 1%
FPono Ne. &b SHo00 st | 1000 apm | aw A7
Fonp No. 8(&) 5loo =& {dooarm | cow .08
Poup No. &) 21600 s¢ 1000 a1 | CW M
Powp Ne. 9 49080sF | 1000 «tm | CW 1.0
o No. (O 42740 sk 1000 arm | e .89
Fone Ne. 11 423860 »F {0CO arm | CW B9
Fop No. 12(a) 22600 s 1000 apm CW- L8
Boup  Ne. 12.(H) 2246205 | 1200 am* | cw 28
Poup No.o 13 49H80 ¢ 1200 aemt | CW .8t
Fonr No. 14 43740 s 1200 aem | oW 214
Ponpe No. 1D@ 24 3L0 s 1200 apmd™®| cw/ o
Foro No. 15 (6 7101500 sF 10co e | ew | A0

(conTvueD on SHEET 2/2)

X ASSLIMES MAKEUP

XK pcsumMeS OVERFLOW
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ENGINEERING NOTE

SECTION

A NG = Llﬂ,l!(oﬁF

PROJECT

(nva= 1000 apra

SERIAL-CATEGORY

ih': A.:ua. x Q

PAGE

2/2.

Ay

SUBJECT

Maw Ring Pornos — Pavsicac ParameTees

NAME

S F KRSTuLovicH

DATE

T I—
REVISION DATE

| 21 Mav 1988

Mand Rivg Psc"runf.‘.. Powo | ActoaL Bonp | T-OW Fmsai:: Heat
Poro Searviond Suerace Acea | Throus Flow| PrRECTION T?At-_srzaz.
Ponn No. 16(a) 27600 =+ | 1000 aem | cw .5
oo Neo 16 (b) 000 s+ 200 arm | Cw/ O
ooe No. 16 22620 s¢ 1000 apm Cw/ A
Pouwo No. 17 44380 <« 1000 am | W .o |
Porsb No. 18 42740 = | 1000 apm | Cw .89
Fonun Koo 19 49140 =r 1000 arm vy 1.0
Fonn No. 20 ) 24-000 < | 1000 apm | QW .49
Poo No. 20 (B o == 1400 amm | C.Cw A3
Pernip No. 20 (e 1BO0O sr | 1000 | Cw .37
Poro Mo, 21 49280 s¢ 1000 apm | W .ot
Poun Ne. 22 41280 =+ {000 apm w B4
Forn No. 2D $d 760 s+ 1000 apm | v A1
Foroo Ne. 24 @ 20400 s | 2200cpm | cw RE
Poue No. 2.4 (b (2000 s¢ 2000 com | W AZ
PoniD No. 25 19800 == 1000 qpm | W 4o
Povp Neo. 26 19710 =¢ 2200 apm | CCw/ A8

fur = Asex 100 O apm

L.‘.C‘ l \(osp)( Q‘-\Pl"\




* FERMILAB BECTION FROJECT SERIAL -CATEGORY | PAGE

aF ENGINEERING NOTE [zwT=84 §:2.140314 |criTeria 38 | I/10

NAME

s.F ZstuLovtCi—l'-

Man RH\JG. P°l\l°5 "TEHF’ER.A‘TUQE Pﬂ.oFu_E C__AL_c_-s. DATE REVISION DATE
31 Max |988

SUBJECT

Pono No. 1: (fyr=1.01)
EvwT = 815 +2.3=92.4°F
antiloa, (Loq (424-84/5) = 2.70
(92.4 -84 -210),/(42.4-8= .68
Loz 68 = 556 sci.
AT = (2.4 -8N(1-L 1/ 1+10]) =57
SLwT= 92.4-5.7 = 8¢.71°F

Porvn No.2 ¢ (f—a‘r".gah
EWT= 86.7+2.9= 89.6°F
ant! loc3€Clo%e (83.¢-84)5)= 2.24
(82.6-84-2.24)/(84.6 -84)~ . 6O
loayyy « 0 = .,T32
AT=(89.6-8D(-L1/1+.831) " “= 3.2
LW TE 8.6~ 3.2 86.4°F

Pono Ne2: (far=.88)
EWT = B6.4+29=83.2°F
antilon . (log (B1.2-84/5)=2.(8
(89.3-84-2.48)/(81.2-84)=,59
(.005\/‘.'_ -qu 0761
av=(89.2-80)(1-[1/1+.881Y
SlwT=81.3-3.0= 86.2°F

761
=3,.6

Pop No, 4ot (Fuv=.%2)
EWT=86.32+244=89.2°F
antilon ¢ (Loa  (B%.2-84/8)~ 2.16
(83.2-84-2.16) /(81.2-84)= .58
loa vz .58 =.785 195
a7 = (80.2-8(1-L1/1+.33])" = L7
SLwT= 89.2-1.1=87.5 °F




FERMILAB BECTION PROJECT SERIAL -CATEGORY PAGE

ENGINEERING NOTE |2wT=84 [5°2.40314 [crireria 38 |2/10

NAME

S.F KrsTuLevaa \-\-

Man Bing Pormos -Temperature Propite Cales. [Tre REVISION DATE
2} Maq 1188

Poro No. bt (fur =.75)
EwT= 7.3+ [(R00x87.6)*(icoo x81.5Y 1200 = q4.8°F
antiloge (Loa e (94.8-84)/8) = 3. 04
(A4.8-84-3.04) /(14.8-84)= .72
(_oﬂ_s, V2 . 12 = "l'??’
AT = (ad.8- 8D -Li/1+.38)? = 7.2
SLWT=44.8-1.2= 81.6°F

Pornwt No, He © (f.,.rr‘-‘-.é_?)
EwT= (Same As 4b)=24.8°F
antiloae (Loa (A4.8-84Ys) =3.0d
(94.8-84 -3, o¢)/ﬁ4.&-54)=.11
Lo%l —{'L‘ 41“.'7
AT = Cathg- 84\0—[_\/:4- c‘iD

SLWT=44.8-7.0= 8. 8°F

Powp Ne. B2 (fur= 1.0)
EWT:= 81.8+2.8=90.1°F
antiloq (log (A0, T-84/%)= 2.43
C°|m &4-2 42/ (q0.1-8H= , bt
loq sy »64= 643
AT=(90.1-8D0O-LI/ 1+, O'D .3

CINT Q0T -4.2= 86.4 °F

Porio No. o: (5',41"—"- ,8ﬁ)
EWT= Bbt +2,9=81,3°F
antiloae (loae (8.3 -84)5) = 2.18
(89.3-84-2.18)/(84.3 -84)= .59
Conyisp « 5= .76
a7 (8.3 -84)(1 -1/ 1+.890)
LLWT= 8.3~ 2.0 = 86.%°F




FERMILAB

# ENGINEERING NOTE :ZWT=84 2240314

NAME

S F KesTuwevicH
Man Ring PoroDs — Temperatuore TRopie Cares

T DATE

21 Max 988

SECTION PROJECT

BERIAL-CATEGORY PAGE

criTERA 3B |3/ 10

REVIBION DATE

Powo No.7: (fur=.%0)

EwT=[{iooo x[86.2+2.9])+(2000 <[ 8.1 +102D] /Zoco = A5.q°F
antiloae (loae(154-84,/)=2.18

(95.4 -84 -3.8)/(45.9 -84)=.7%
Leoy vy A% = Hed

AT =(@s5.3-aN\O1-01/1+. 30‘.0 = 6.
TLWT=45.8 -6.1 = 84.8°F

Pone No. 8a: (fur = .13)
EWT= [(looo x[89.8 "'2.‘1]) +(2c>oo;. &9. 5)]/3000 - qo_g ‘F
antilone (loae(10.8 -8d)/5)= 2.45

(0.8-84-245)/(%0.8-84)= . (4
Lo"s Ve -64‘ =. G"I’%

AT = (%0.8-85( -[l/i+.l‘5])'643
SLwT=%.8-1.7= 89.1°F

= |’7

Fornp Neo. 8b: ()tHT =.\7)

EMT = (DigecT LWT FRomt Bad= 84\ °F
antiloq ¢ ( loa“;_(sc\.l -8'-\‘)/Sj= PRLE
(84.(-84-2.W) /(8a.1-84)=

Loob \/2 .S58 = 7185

AT = (89.1- 80 -L1, 1 +.01) 785
AW T= 890 —1.1= 88.0°F

Pono Ne.8c: (Fu'r"- .'08)

EwT=7.3+L(14oo x 93.2)+(1000 x88.6) 2400 = A8.3°F
antiloa g (Loaqe (18.2-8d)/5)= 3.47

(8.2 -84 - 2.47)/(48.2-8H=.76
loeyipz . 16= .3%95 a5
AT=(182-800-L11+, os])‘3

5.1
MW T=48.2 ~-5,1=3%, L °F




FERMILAB SECTION

ENGINEERING NOTE |zwT- &4

PROJECT SERIAL-CATEGORY PAGE

$:2.40%14  |eRiTeria BB | 4/\0

SUBJECT

Maww Rina Porbs - TempeeaTuee Prorie Cacas.

NAME

S.F KRsTL CoviC v

DATE

3| Mav VA8

REVISION DATE

Pono No. &4 3 ('FHTzn"'l"D

EWT=(5ame As 8¢) = 98.2°F

C\n“t‘ilc%e (Looae CQ\S.%*SLL)/S): 2,47
(8.2 -84 - 3. 41)/(%5.5—843- 6
LaoN/ T = 395
AT=(98.3-84X1-[1/i+. LH:B 9.0

LW T= 98.%~9.0 = 89.3°F

Porno No. 3¢ ()CHT = |.O)

EwT=89.3+29=92.2°F

antilooy e (Lo (c\2 2 8"\')/3) .67
(92.2 -84 2 c;z)/(qzz 84\ A
loay p -6 T= 577

A'T (a2.2-8N(i-L1/1+1. OD = 5,5

CLWT=2.2-55= 86.7"F

Porgo No. 101 Gar =.89)

EWT=86.7 T2.9= 83!(0
ant Lo Clocs C8°l 6”84")/%3 2,24

(8.6 - 54 2. 2.4)/(8‘1 G -84)=.40

136 _

aT = (89. c,-aLn(n Li/1+.8q0) 3.2
AW T B9.6-3.2-86.4"F

Powo Ne. 11: (far=.89)

EMT=86.4 +2.9=2 89.2°
antiloa e (loa e (89.2-848)/5)= 2.18
(33,2 -84-2.18)/(81.3-84)=.

Lao)‘/l .Scl - 07(9\
AT = (89.2 -a84) (1-0L1 /1+.831)

7(-I

W T=89.2-%.0 = 86,3 F




FERMILAB

ENGINEERING NOTE

BECTION PROJECT SERIAL-CATEGORY PAGE

IWT =84 |5=214024 criTera 3B | 5/10

suBJECT NAME
S.F. KrsTueevicd
Mas R\uq Pofups —'TEHPEEATUEE F‘EOF“_E CAL.-C-S- T DATE REVIBSION DATE
31 Max 1988

Ponp No.i24a 3 (fur=.68)
EWT=86.% +2,9 = 81.2°F
antiloae (loge (89.2 - 8H/$)= 2,10
(83.2-84-2.1)/(89.2-84)= ,58
Ce w2 5H = 185
a.“?= C8‘i-?_—-84)(l-f.l/l+.{,8D'78‘5= 2.6
AW T=2 8.2 -2.6= 86.L°F

Pewo No, 12b: (far=.28)
EWT=86.6+7.2 939"
antiloae (Loa, (12.4-84)/5)= 2.92
(93.a-84-2.90)/(a3.4-84)= 7|
looy 12 » 11 = . 494
sT=(23.4-8D0-L1 /1+.28) =5,

\‘.Lw_r:' q%-q - 5'2, =§§01'F

Ponp Neo. 1% ¢ C{‘HT‘:— B4
ewT =[{lcoo x(BET+2.a) +(200x 88.7) /1200 = QL1 "
G\n-rilacse ((’OCSG (QI,I—BLD/S): 2.5
(A4-84-2.5Y/(ALI-84d)= b5
leey v\ /2 .65 = .62}
at= (a1 -84)(1—[1/1-:».8413“'2' ¢4

SwT=AL- 4.4 = 86,70 F

Popp No W: (Fur=,74) :
EWT={(loos x(B6,T+2.2)) +(200 x 86,.1)] /1200 = 89.1"F
antiloq o (Loa\e (& -84)/5)=2z.14
(894 ~84-2.14)/(8a.1-84)= .58
Loay vy ,58=.785
aT=(82.1-80H(-LI/1+14)) 5 = 2.0
LW T = 89.1- 2.6 86.5°F—




FERMILAB SECTION

# ENGINEERING NOTE

PROJECT BERIAL -CATEGORY FAGE

TWT =84 [§22.140214 |ecriteriA 2B [ G /\0
SUBJECT NAME
S.F. YesTurevicH
MA\U P\IUC\ POMDS" TE'I"'\PEEAT\)QE FE.OFH..E. CALC‘S- FDATE REVISION DATE
3| May 1988

Porno Neo. 15q 8 (?HT"—' 4l>
ewT=L{(iovo x(86.5+2.9)) +(200x86.5) /1200 = 88.9°F
antiloa o (Lo, (88.4 -84)/$)=2.10
(88.9 - 84 ~2.10)/(88.9 -84)= ,57
Cooy iyz .57 = .8IO
at= (88.9 -85 -[1/1+.40) %= |.8
LW T = 88.9-1.8= 81.1°F

Powp Neo. 15kt CHT‘—‘-.L\-@
EWT= (DireeT LWT Feom 15ad= 87,1°F—
antiloa . (loae (B8T1-84Y/8)=1.70
(8.1 -84 -1.1/(81.\ 8= .45
LC’"‘\, /2 Hds= LIS s
at=(81-8MD(1-Li/t+.40)) "~ = 0.7

JoLwW T = 8.1-"" 00-7 - &évq'.f-_'

Ponr No.lba: (Fur= .56)
EWT=286.4+2.9° 89.3 °F-
antiloa o CL"%& (89.2-8/5)= 2.18
(84.% -84 -2.18)/(89.% -84\ = ,59
(‘o%‘/'?- .59 = .76! Ze
sT=(8AB-8N( -[1/1+.56T) 7 = 2.4
SLwWT= 8.2 -2.4=8¢.9° ¢

Pernp No.lbbi(fn-rﬁ'{oos '
EWT= 7.%“‘[_(200 x 88.6) +(1oe0 x&é-")]/l?.‘:oa = A, b o
antiloa ¢ ((ea, (44 -84Y/5)=2,99
(44,4 -84 -2.49) / (a4 - 84) = .7}
Loos vz - 11 = .484
a2 (At -8D(1- L1/ 14600 = ¢t

SuwTE Add -6 = 88.0°F-
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REVISION
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Porop Ne. lloe 2 (S'HT:.‘-I'C:)
EMWT= (Same as lbb)= ° =
(Ad.t -84 - 2.9 /(4.4 -84)= 7

[.<>t!35 /2 L= Liq'_f

LWT =294 -5.9 = 88.5"F

Pormo No.17 ¢ (Fuv=1lo0)

EWT=88.5+2,9=91.4°'F

antiloa ¢ (Lo=56_ SR -84\/53’-.2.5'5

(q1.4 -84 - 2553/@\4—54%—.%

Loay v pa 6= L BAaq

AT = (LY - 84§(I~[|/|+|o|1\
AW T= AU -4.4 2 86.5°F

FOMD Neo. 1& ¢ <§'H’T '—'-,qu

EWT= 86.6 T8 = 81.4°F

antiloay e (Loag (8A.4-84) /5)=2.20
(Bay-84-2.20)/(89.4-84)= .59
L°°§‘/z_ -65‘ = -7(91 o‘?‘al
aT=(8aA4 -8 -01 /1 +.89]
LAlwWwT=8.4-2.0= BG.4°F

Porwo Ne. 19: ($ur=1.0)

EWT = 86,4 +2.9=8.3°F
antilooye (Loay o (893 -84)/s) = 2.18
(89.3-84 -2.18)/(89.3 -84) = ,59

Loag vz +B5A = .T76C1

AT = (8.3 -8N(I-Li1/|+L. o:D
L T=89.%- 3= 86. 2 F

>4

antiloa o Cko Ae a4 .4 - 8“0 /%)=2.99

=3.0

AT = (a4 ~8D(-L1/) +.*—m3§'¥m = 5.9

q
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Pormo Neo. 20a: (Far=.49)
EWT =86.2 *24=89.1°F
antiloa e (loa. (83.1-84)/5)= 2.14
(83.1-84 -2.14)/(8].1 -8 = .58
Looy yo -58& = .785
A= (830 -8 (1 -[1/1+.491) 785 = 2.1
JSWT =8 -2 = 8l.0°F

Pormp No. 200 1 (Fut =.12)

EWT= 7.2 + L(doo x41.9) +(loeo x 87.071 /2400 = 9 .2 °F
antiloae (Loae (11.%-84)/5) = 3.25
(A1.3-84-2.25) /(472 -84)= .75

(.ocv) o s 1D T 415

a1 = (1.2 -8DNO-[1/1+051) S = 54

SUWTEALD-5.4 = AL F

Pown No. 20 $ur=.37

EWT = (Same as For. 20b)= A1.2°
antiloa g (Looe (A1.2 -8 /$)=%.%25
(A1.% -8d-3,25)/(97.2-84)= .75

LOC-S el -1‘3 :.4'\;

ar=(a1.5-8D (-0 /i+.37]) 0 = 17
CLWT = Q7.2 -1 = 81,0 E

Porve No, 21 (f;.ﬁ- = |,01)
EWT=86+2.9= 92.5°F
antiloq e (loqe (42,5 -84)/5)= 2,72
(42,5 -84-2.12)/(22.5 -84)=.(8
Lo /2 - 68 = ,556 =
aT=(}2.5 ~84\(\-Ll/|+x,oﬂ)'5 =58
SWT=92.5 -5.8 = 867 F
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Permpe No. 222 ¢ (‘FHT=.8'+>
EWT = 86.7T+2.9=89.6°~
antiloae (loae (BAUG -84)/$)=2.24
(89.6-84-2.24) /(8.6 -84)= .(O
(_oc% \2 = T2
AT =(82.6 -84 l-[l/l-r.&—ﬂ)'?g"‘—‘ 3, ]
CIWT = 89,6 -3, = 86.5°F-

Perno No. 232 G"HT:.C‘\D
EWT=86.5 +2.9=89.4°
antiloey o (LOQE(B‘H.'*-S'-")/S):Q.QO
(8a.4-8d-2.20)/(89.4 -84) = ,59
Lo% 2 5= L 76!
AT= (894 -2 -Li/v+.a) 7 = 3,
W T =894 -3.1= 86.5° =

Poro No. 2da t Gur=.12)
EwT =[(2200x A1) +(locox 84.2)] /3200 = 40.1°F
antiloo o (Lea,e (“\0-7-843/‘53': 2.4%
(q0.7-84--2.42)/(90.7-84=. 4
Loo> V2o e G:’-L: .G"‘"%
at=(20.1-8PHC- L1+ 42 = 17
SWT=90.T- 11 = 89.0°F

Popo Ne. 24db : G-'H'r’-“— J12)
EWT = (DigeeT LW T Feom 24a)= B.0°F -
qnfilo%e_ (l""Se (Ba.0-84Y/9)=2.12
(89.0-84 - 2.12)/(89.0-84)= .58
Cot\) 2 55 = .7185%
AT =(89.0-8D0O-[1/1+.21Y
LW T= 8.0 —0.9= 88.|°F

785
= 0

.9
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Pewo No. 252 ($yr = .40)

ewT=[(1200(82.0+7.3)) +Qoco(88.1+10.2)] /3200 = AT.6°F

antiloae (Leae (7.6 ~84)/$)= 2,29
(17.6-84-2,29)/(47.6 -8 = .75

Loa 1z W15 = . 415 -

A2t =0@T6-800-L1/ +-40_D'4f5 = 8.1

JLWT = AL -8 = 89.5

Porme No. 26 (Fur=.18)
EWT =(sAne As For 25) = AL F
antiloa g (loge (7.6 -84)/5)= 3.29
(976 -84 -2.29) /(7.6 -84)= .75
("°°S iz 15 = L 4s 415
aT=076-8O0-L1 /140810 """ = 6.2
LW T = A7, 6 - 6.2=9Q.4*F




